When streptomycin-producing strains of Streptomyces griseus are transferred serially on agar slants or in liquid media, the ability of the cultures to produce streptomycin often decreases. Waksman, Reilly, and Johnstone (1946) suggested that streptomycin-enriched medium be utilized for obtaining active strains from degenerated cultures of this organism. They also pointed out that streptomycinenriched media would allow the growth not only of active strains but also some inactive strains, although the tendency is to eliminate many of the inactive strains.
When streptomycin-producing strains of Streptomyces griseus are transferred serially on agar slants or in liquid media, the ability of the cultures to produce streptomycin often decreases. Waksman, Reilly, and Johnstone (1946) suggested that streptomycin-enriched medium be utilized for obtaining active strains from degenerated cultures of this organism. They also pointed out that streptomycinenriched media would allow the growth not only of active strains but also some inactive strains, although the tendency is to eliminate many of the inactive strains.
Szab6, BarabAs, and Valyi-Nagy (1961) compared three nonstreptomycin-producing mutants with the parent strain and found that the former had a shorter life cycle in submerged culture than the latter. Alikhanian and Teterjatnik (1962) reported that a nonstreptomycin-producing mutant could elaborate streptomycin from the fermented fluid of the high-producing parent strain.
To examine the natural variation or the degeneration of various properties of S. griseus associated with streptomycin production, the author isolated various potency strains of streptomycin-producing cultures grown on streptomycin-enriched plate cultures; from these streptomycin-resistant strains, seven were selected and compared as to their morphological, cultural, physiological, and streptomycin-producing characteristics. The seven strains were grouped as low potency, intermediate potency, and high potency groups.
MATERIALS AND METHODS
The culture used in these experiments was S. griseus Z 38 (Dulaney, 1951) , which originally formed white spores and produced about 2,000 units of streptomycin per mlI under optimal conditions. This culture underwent considerable variation; it formed a pale-yellowish to greenishgray aerial mycelium and usually produced 100 to 300 units of streptomycin per ml. This culture was inoculated in 40 ml of glucose-yeast extract medium, which contained 1 % glucose, 1 % yeast extract, 0.5 % NaCl, 0.025 % MgSO4 * 7H20, and 0.001 % FeSO4 *7H20 (LePage and Campbell, 1946) , in a 250-ml Erlenmeyer flask and cultured at 28 C for 7 days on a reciprocating shaker. The broth was then filtrated through sterilized filter paper and diluted with sterile water; 0.15 ml of the diluted suspension, containing about 10 to 11 million spores, was spread on the surface of streptomycin-enriched glucoseyeast extract agar plate and cultured at 28 C. Three pairs of plates were used, two of each containing 3,000, 5,000, or 10,000 units of dihydrostreptomycin per ml; they gave about 200, 100, or 10 colonies per plate for each of the above streptomiycin concentrations, respectively. A total of 250 colonies were picked from six plates and transferred to slant cultures. Among the isolated colony strains, 29 produced 800 to 1,000 units of streptomycin per ml and 6 produced only 4 to 100 units of streptomycin per ml in a glucose-Soytone-yeast extract medium, which consisted of 2.5 % glucose, 2% Soytone (Difco), 1 % yeast extract, 0.5 NO sodium chloride, 0.025 %Q magnesium sulfate, and 0.001 %l ferrous sulfate (pH 7.0). From the isolated strains, isolates 107 and 210 were selected and used as high potency strains, isolates 51 and 206 as intermediate potency strains, and isolates 228, 10, and 47-2 as low potency strains (Table 1) .
These strains were examined for their morphological, physiological, and streptomycin-producing properties.
Inoculum for surface cultures was suspension in sterile water of spores or mycelia which were harvested from slant cultures of glucose-yeast extract agar grown at 28 C for 14 days. Inoculum for the shaking culture was prepared as follows. Three loopfuls of spores or mycelia were inoculated in 40 ml of glucose-yeast extract medium in a 250-ml Erlenmeyer flask and cultured on a reciprocating shaker at 28 C for 2 days. Every streptomycin-producing medium was inoculated with 0.5 ml of this broth and cultured at 28 C under a reciprocating shaking condition of 98 or 110 strokes per mim in a 10-cm distance.
In streptomycin production, glucose-yeast extract medium was used as basal medium which was supplemented with various substances.
RESULTS
Cultural and physiological characteristics. The nine strains isolated belonging to three groups and the parent strain were examined for their cultural and physiological characteristics. Although there were some fluctuations in some properties among the strains in each group, distinct differences were shown between the different groups. The characteristics of each group are summarized in Tables 2  and 3 . From these tables, the following differences may be considered as distinct. (i (v) The three groups showed almost the same characteristics in starch hydrolysis and chromogenic property, although gelatin stab cultures of the high potency strains showed a little difference from the strains of the other groups in the excretion of a somewhat dark soluble pigment.
(vi) When streptomycin-producing ability degenerated, more submerged spore formation appeared to occur in submerged culture, or the submerged mycelium appeared to break up into shorter fragments.
(vii) No distinct differences were observed among three groups in the carbohydrate-utilization spectrum, although in the case of some carbohydrates there could be seen slight differences among the different strains. The low potency strains formed better aerial mycelium oni several carbon sources than the strains of the other two groups.
Miicroscopic morphology of aerial mycelium. The strains belonging to low and high potency groups showed cluster formation, but no spirals. These represent the typical morphology of S. griseus. However, in old cultures of the low potenicy strains, the terminal hyphae were sometimes considerably flexous and could easily be mistaken as spiral forms under low microscopic magnifications. The low potency strains sometimes formed coremium of various sizes. In the intermediate potency strains, aerial mycelium was not formed in almost all culture media used, except plate cultures of starch agar, on which these strains showed the typical cluster forms.
Comparison of streptomycin production.
Since it was open to question that, in addition to streptomycin, other antibiotics might be produced by the low and intermediate potency strains, streptomycin-resistant Escherichia coli IMRU 103 and a cation-exchange resin, Amberlite IRC 50 (Doery, Mason, and Weiss, 1950) were used. The antibiotics thus produced by these strains could nlot inhibit streptomycin-resistant E. coli, and were adsorbed completely to Amberlite IRC 50 and -then eluted by hydrochloric acid. The question appeared to be unnecessary.
In the production of streptomycin, arginine and inositol were found to exert a stimulating effect (Saunders, 1950; Severina, Gorskaya, and Gracheva, 1959; Egorov, 1959; Galanina and Agatov, 1959; Majumdar and Kutzner, 1962a) . NMajumdar and Kutzner (1962a) reported that these compounds stimulated streptomycin production of the same culture used by me as the original culture. I examined the effect of these two compounds on all strains employed (experiment 1, Table 4 ). In the high potency group, both arginine and inositol showed good stimulating effect, which agreed with the results presented by Majumdar and Kutzner (1962a potency group, arginine seerned to have a depressive effect, and inositol showed almost no effect. In the low potency group, streptomycin production was too low to draw any conclusion concerning the effect of supplemented substances, although, in no. 47-2, arginine seemed to have some stimulating effect. It is clear that there are distinct differences in the utilization of arginine and inositol between three groups of strains derived from the same parent culture.
Oxygen tension in the medium is said to play an im- Table 4 ). Majumdar and Kutzner (1962b) , using radioisotopes, reported that inositol or its metabolic products may be Table 5 ).
The fact that streptomycin production by the intermediate potency group was stimulated by streptidine, but not by inositol and arginine, seems to indicate that the intermediate potency group has a metabolic block in the biosynthetic pathway from inositol to streptidine. Streptamine and strepturea may be considered as probable intermediates on this pathway, although Hunter (1956) concluded that streptamine did not appear to be on a direct pathway from glucose to streptomycin, and that supplemented streptamine was incorporated to a greater extent into N-methyl-L-glucosamine than into streptidine. Streptamine sulfate and strepturea were prepared from streptidine sulfate by the method of Peck et al. (1946) and were added to the basal medium. In the intermediate potency group, the effect of streptamine was not stimulative but rather depressive; the combination of streptamine with arginine did not improve the production of streptomycin (Table 6 ). In the high potency group, streptamine showed stimulatory effect but not a distinct one. However, in the latter the combination of arginine with streptamine showed less production than streptamine alone. This is also true in the case of the intermediate potency groups. On the other hand, strepturea showed no definite effect in either group. These results do not seem to support the possibility of coupling of streptamine with arginine, or formation of strepturea as the possible intermediate on the biosynthetic pathway from inositol to streptidine. Although no positive information concerning the biosynthetic pathway of streptomycin in the above experiment was obtained, the three groups of strains seem to possess some distinct physiological properties from the point of streptomycin production; the low and intermediate potency groups seem to be mutants derived from the high potency group. There remains the question as to the reason which allowed the low potency strains to grow on highly enriched streptomycin medium when they were isolated. The basal medium was enriched with 100 ,ug of streptomycin per ml and inoculated with the low and high potency groups. The growth of each strain did not seem to be macroscopically affected by streptomycin enrichment. The low potency group seemed to inactivate a part of the added streptomycin, and the high potency group did not (Table 7) . This phenomenon does not entirely explain the streptomycin tolerance of the low potency group, but is considered to be one of the reasons which allowed the strains to grow in highly enriched streptomycin medium. DISCUSSION When three groups of strains isolated from a potent streptomycin-producing culture of S. griseus were compared in their morphological, cultural, physiological, and streptomycin-producing properties, several differences could be observed. Each of these is not considered to be so significant as to justify any change in species name. The results of this experiment must be taken into consideration to show the variability inherent in S. griseus.
The three groups of strains produced different amounts of streptomycin. Unfortunately, there was no decisive correlation from a taxonomic point of view between the examined properties and streptomycin production. However, it is important to consider the fact that the yellow soluble pigment produced by high potency strains is not produced or becomes considerably weaker in the low and intermediate potency strains. The chemical characteristics of this compound are still unknown, so that speculation of the relationship between the yellow pigment and streptomycin production is difficult. It remains to be determined whether the results obtained with the culture of S. griseus Z 38 and the corresponding subcultures concerning yellow pigment are also applicable to other streptomycin-producing cultures.
In the intermediate potency strains, peptonization of protein, nitrate reduction, and dissolution of calcium malate were weaker than in the high potency strains.
However, as the low potency strains had almost the same abilities as the high potency strains in those characteristics, speculation concerning the relationship of those characteristics to streptomycin production is not possible.
The microscopic morphology of submerged cultures seems to have some significance. The submerged spore formation, or the fragmentation of the mycelium into shorter elements, seems to be inversely proportional to streptomycin production. Similar results have been reported by Williams and McCoy (1953) , Schatz and Waksman (1945) , and Carvajal (1947) . It will be very interesting to determine what physiological significance spore formation or mycelium fragmentation has.
The disappearance of aerial mycelia has been said to be accompanied by depressed streptomycin production (Waksman et al., 1946; Williams and McCoy, 1953; Schatz and Waksman, 1945) . Also, in this experiment, the intermediate potency strains, which did not form aerial mycelia, showed depressed streptomycin production. On the other hand, it was clear from this experiment that the depression of streptomycin production does not always appear together with deterioration of aerial mycelia. The low potency strains sometimes formed better aerial mycelia than the high potency strains. However, the development of aerial mycelia can be an important criterion for the maintenance of streptomycin-producing ability, because the high potency descendant strains always show almost the same aerial mycelia formation as the original high potency strain after serial transfers.
Inositol, arginine, streptidine, streptamine, and strepturea were examined as to their effect on streptomycin production. The results showed distinct physiological differences between three groups of strains used. It is important that the degeneration of streptomycin-producing ability accompanied the degeneration of ability to utilize inositol and arginine for streptomycin production; the degenerated strains still could elaborate streptomycin. This seems to indicate that there is a biosynthetic pathway from glucose to streptomycin other than through inositol. Thus, inositol appears to participate in the biosynthetic pathway of streptomycin from glucose through some metabolic steps which probably exclude formation of streptamine or strepturea in free form.
